Background: The proximal femur is the most common site of bone metastasis, and metastasis at this site can cause chronic, intolerable pain and even result in pathologic fractures, thereby negatively affecting patients' quality of life. Selecting an appropriate method for resecting metastasis within the proximal femur requires thorough consideration of various factors, including the biological behavior of the primary tumor, the extent of the femur lesion, the current general systemic condition of the patient, and perioperative risks. Objective: To compare the perioperative safety of and early functional recovery following percutaneous femoroplasty (PFP) and proximal femoral replacement (PFR) in treating patients with metastasis of the proximal femur. Methods: We retrospectively analyzed the cases of 53 patients with proximal femur metastases who received surgical treatment by either PFP (n = 28) or PFR (n = 25). Perioperative blood loss, surgical time, and perioperative complications were compared between groups. Pain intensity according to the visual analogue scale (VAS) and early postoperative function according to the Karnofsky Performance Scale (KPS) were evaluated at 3, 7, and 30 days as well as 6 months after surgical treatment. Results: In the PFP group, the VAS scores were lower soon after operation than preoperation (P < 0.05). In the PFR group, compared with the preoperative scores, the VAS scores briefly increased at 3 days postoperation (P < 0.05) and then decreased (P < 0.05). The mean scores of either group at first three follow-up evaluations were significantly different between the two groups (P < 0.01), but not at the 6-month follow-up (P > 0.05). PFP significantly and immediately improved patients' quality of life as measured by the KPS in the early period after surgery (preoperative vs 3 days postoperative, P < 0.01), but the patients who underwent PFR suffered a short-term decrease in quality of life (preoperative vs 3 days postoperative, P < 0.01). Blood loss (P < 0.01) and operating time (P < 0.01) were significantly less than PFP. The complication rate was higher in the PFR group (28%) than in the PFP group (3.6%). The results also showed no difference in survival time between the two groups. Conclusion: PFP is an attractive minimally invasive therapeutic option for proximal femur metastasis that can significantly improve the patient's quality of life in the short term.
Introduction
Metastatic bone cancers always cause severe pain, particularly on moving [1] .
The management of bone metastases requires a multidisciplinary staff who can administer systemic "non-invasive" treatments like radiotherapy, chemotherapy, targeted therapy, and bisphosphonates [2] [3] [4] [5] [6] . However, these "non-invasive" therapeutic regimens leave a high percentage of patients with inadequate or undermanaged pain control [7] [8] [9] . Therefore, "invasive" and "mini-invasive" treatments for proximal femur metastases have been recommended and demonstrated to be effective for controlling cancer-related pain [2] [10] [11] [12] . As we known, a minimally invasive therapeutic option has specific advantages, and an effective and minimally invasive surgical technique are desired for managing advanced cancer patients with severe bone pain who cannot tolerate major surgery or in patients in whom radiotherapy already has been ineffective and who therefore have only the goal of pain relief. Percutaneous femoroplasty (PFP) is being applied more frequently, and initial studies indicate that it may represent an effective method for managing proximal femur metastases [13] [14] [15] . PFP is being applied in treatment of proximal femur metastases by injecting cement into the bone. In the present study, we compared important clinical outcomes after percutaneous femoroplasty (PFP) versus proximal femoral replacement (PFR) to demonstrate the advantages of PFP.
Patients and Methods
We retrospectively reviewed the records patients with a single proximal femur Resin, Tecres S.P.A, Italy) bone cement was mixed to a semi-liquid consistency and loaded into syringes before injection so that we could easily control the pressure and the amount injected.
We identified 28 consecutive patients treated with PFP and 25 patients treated with PFR. The patient is randomly selected without additional requirements.
Together these groups included 26 women and 27 men (53 lesions), with a mean age of 52.9 years (range, 28 -81 years). The preoperative oncologic status of these patients with regard to primary cancer type, age, sex, and other characteristics are summarized in Table 1 . No patients were lost to follow-up, and no patients were recalled specifically for this study. All data were obtained from medical records and radiographs.
Assessments of pain severity according to the visual analog scale (VAS) and of activities of daily life according to the Karnofsky Performance Scale (KPS) before surgery were made at baseline and then 3, 7, and 30 days as well as 6 months 
Results

Complications and Operative Parameters
The complication rate was higher in the PFR group (28%) than in the PFP group and operative time (P < 0.01) were significantly less in the PFP group compared to the PRF group (Table 2 ). 
Pain Relief and Activities of Daily Living
The preoperative VAS and KPS scores did not differ significantly between the groups (P VAS = 0.88 and P KPS = 0.06; Table 2 and Figure 4 and Figure 5 ). All patients experienced a significant reduction in pain intensity at 7 -30 days after surgery (P < 0.01). However, in the PFP group, patients' quality of life was significantly improved, as measured by the KPS, at the earliest follow-up after surgery (pre-operative to 3 days post-operative, 52.14 ± 14.49 to 73.93 ± 9.94, P < 0.01), and the higher KPS scores were maintained at the last follow-up. In contrast, the patients who underwent PFR suffered an immediate decrease in quality of life (pre-operative to 3 days post-operative KPS, 54.14 ± 14.43 to 36.40 ± 7.57; P < 0.01). KPS scores in this group then improved (30 days post-operative, 65.20 ± 11.94, P < 0.05 vs. pre-operative) and were stable at last follow-up (6 months, 65.4 ± 12.41).
Complications and Operative Parameters
The complication rate was higher in the PFR group (28%) than in the PFP group 
Survival Time
The mortality rate was high in both groups over the mean follow-up for the entire series of 15 months (range, 3 -36 months). The mean survival times in the PFP and PFR groups were 15.7 ± 1.5 months and 16.3 ± 1.9 months, respectively, with no significant difference between the groups during the study period (P = 0.83). For the overall study population, the OS rate was 88.68% at 6 months and 59.27% at 1 year after surgery ( Figure 6 ).
Discussion
In this retrospective study of patients with proximal femur metastases, PFP provided more immediate pain relief and significantly increased quality of life than PFR without increasing mortality.
The strengths of the present study include that no patient was lost to follow-up and all operations in both groups were performed by the same surgeon.
Until now, numerous reports have been published on the subject of proximal femur metastasis treatment, but there has been a lack of retrospective studies . When a pathological fracture occurs, pain is intensified [16] , and without surgical intervention, the patients are bed-ridden and at a greater risk for many complications, resulting in shorter survival times and diminished quality of life [17] . Therefore, invasive surgical treatment is indicated and recommended for patients with proximal femur metastases [18] [19] . The conventional surgical techniques are effective for preventing pathologic fracture and relieving bone pain [20] . However, as the use of PMMA bone cement increases, cementoplasty is more commonly applied to manage painful bone metastases outside the spine and overcome some difficulties that conventional surgical techniques cannot perfectly manage [21] .
As an extension of percutaneous vertebroplasty (PVP), PFP can provide immediate and stable pain relief [14] [15] [22] , and biomechanical studies have demonstrated that PFP can strengthen mechanical stability for patients with femoral metastases [23] [24] [25] . Moreover, PFP offers the advantages of being a minimally invasive surgery with low requirements for patients' cardiopulmonary function. Although some relative contraindications still exist such as serious deficiencies in liver and kidney function, local infection, and allergy to bone cement, a wider range of patients still are eligible to receive surgical treatment via PFP compared to conventional surgical treatments [26] . The results of our present study are consistent with those of previous studies in that patients treated with PFP experienced pain reduction and improved quality of life soon after surgery [13] [27] . In contrast, the outcomes in our series, which suggest the effectiveness of PFP, show that improvements in VAS and KPS scores were seen within only 1 week after intervention.
Because we tested a relatively new surgical technique, we also assessed the associated complications. In our short-time follow-up period, the most frequent complication in the PFP group was cement leakage (n = 1, rate = 3.6%), which caused neither significant clinical symptoms nor an increase in the occurrence of other complications. As previously reported [20] , although PFR is effective for treating proximal femur metastases, the high rate of postoperative complications is still troublesome. In addition to a lower rate of postoperative complications observed in our study, PFP was also associated with significantly less blood loss and operative time compared to PFR, indicating that PFP is a less difficult operation. Notably, no patients in either group experienced post-operative fracture, and one possible reason is the short OS after treatment.
The poor survival of patients with bone metastases is an important consideration in treatment planning. Once metastatic tumors are diagnosed, patients have advanced disease, and thus, even with recent advances in treatment for primary cancers, the survival of patients with bone metastases remains poor [28] [29] .
Considering the patient's short life expectancy, the major goals of treating bone metastases should be the alleviation of pain, prevention of impending pathological fracture, and improvement in quality of life, beyond just aggressively removing the local bone metastases. The outcomes in our study demonstrate that PFP is an effective option for decreasing pain intensity and can also improve patients' quality of life immediately without causing a difficult short-term recovery period. Furthermore, OS did not differ between the groups. Therefore, PFP may represent not only a surgical alternative for the management of femoral metastases but also a shift in clinical thinking towards terminal cancers.
Inherent limitations of the present study include: 1) the small number of patients and short follow-up period; 2) the lack of clear and complete criteria guiding PFP; and 3) variation in the tumor region. Therefore, randomized controlled trials with long-term follow-up and a large sample size are needed.
When to choose PFP: Patients must have steady vital signs, without severe heart disease, severe lung disease, or topical inflammation and ulceration. The lesion site must be mainly osteolytic damage, and the cortex around the lesion must be complete, especially in the calcar femoral. A pathological fracture cannot be present. This method is not suggested to be applied to osteoblastic metas- should be done before the bone cement becomes sticky. Pulse oximetry must be monitored closely to avoid pulmonary embolism. Given that bone cement leakage is possible in PFP, once it occurs, the needle should be repositioned under X-ray or CT guidance to prevent further leakage.
Conclusion
The results in our patient series suggest that PFP, a percutaneous cement placement analogous to vertebroplasty, may be a good therapeutic option for patients with metastatic bone disease of the proximal femur. PFP can significantly improve patients' quality of life and relieve bone pain rapidly while also preventing pathologic fracture and not reducing OS. Thus, PFP may be an attractive surgical treatment for patients with proximal femur metastasis.
